Objective: To develop an experimental model for hidden caries lesions and to evaluate the effect of 0.12% chlorhexidine (CHX) and 1.23% acidulated phosphate fluoride (APF) on biofilm formation and on the dentine demineralization. Methods: Dentine discs with artificial lesions were divided into four subgroups (500-100-0 µm gaps or sound enamel). Enamel discs were adapted over the dentine samples and fixed in acetate matrices. Microcosm biofilms were formed on the specimens for 10 days (cariogenic condition). Specimens from subgroups (n=9) were individually treated for 1 min by daily immersion in CHX or saline, or weekly in APF suspension. Biofilms were quantified [total microorganism (TM) and mutans streptococci (MS)]. Mineral profiles were assessed by Transverse Microradiography. Data were analyzed by ANOVA, Holm-sidak and paired t-test (p<0.05). Results: CHX decreased MT counts and increased MS counts compared to other treatments in gaps presence or absence (p<0.05). For the control, 500 µm gap caused higher TM counts (p=0.024). No significant differences (treatment groups × subgroups) were found for the mineral profiles. Conclusion: 500 µm gap does not generate higher microbial colonization and CHX does not inhibit MS colonization of surfaces. APF and CHX showed positive trend for lesions remineralization.
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Introduction
Epidemiological studies have shown that due to the reduction of caries incidence, most lesions that still occur are located on the occlusal surface [1] [2] [3] . Some of these lesions have a difficult diagnosis since they show clinically sound or minimally demineralized occlusal enamel, but show extensive radiographic demineralization in dentine. These lesions are usually denominated as "hidden caries lesions" [4] [5] [6] .
When hidden caries lesions are detected, restorative treatment has been recommended and the use of sealants or removal of the infected dentine associated with conventional restoration has been reported [5, 7] . However, other less invasive and less expensive alternatives are poorly investigated as options of treatment for these lesions. Also, appropriate models to simulate and to study treatment options for occlusal hidden caries lesions are missing in the current literature. In vitro microcosm biofilms have been proposed to test different hypothesis in dentistry [8] [9] [10] , and could be useful to simulate clinical conditions related to the development of caries.
It is known that fluoride and chlorhexidine are anti-caries agents and play an important role in the prevention of dental caries. Fluoride has an important effect on the inhibition of demineralization and on activating the remineralization of tooth structures. Chlorhexidine is able to act on the bacterial metabolism and suppress the growth of total microorganisms and mutans streptococci [11, 12] . Moreover, some studies have demonstrated that CHX could also inhibit the activity of dentine matrix metalloproteinases (MMPs) [13] , suggesting that it could help to prevent dentine demineralization [14] .
Non-invasive therapies could be useful in the treatment of occlusal caries, especially for lesions limited to the outer dentine layer. The general aim of this study was to develop an experimental model simulating occlusal hidden caries. Specific aims were to evaluate the biofilm modifications and the dentine de/remineralization response to cariogenic conditions with different enamel conditions and under different therapies.
Methods

Study set-up
Biofilms were formed in 24 microwell plates from human saliva inoculum on the specimens. The dentine specimens with artificial caries-like lesions were divided into four subgroups according to simulated occlusal gaps (500, 100, 0 µm and sound enamel) and a defined medium enriched with mucin (DMM) [15] supplemented with 1% sucrose under an intermittent regimen was used to grow the biofilms [8] . Biofilms were grown anaerobically at 37ºC for 10 days. Specimens of the subgroups (presence of gap X treatment, n=9) were individually treated by daily immersion in chlorhexidine or saline (control), or were weekly immersion in a suspension of APF. Treatments were applied for 1 min before challenges with sucrose ( Fig. 1) . The results were obtained by quantification of total microrganisms (TM) and mutans streptococci (MS) performed through the collection of biofilms 24 h after the last treatment. Next, lesion depth and mineral loss were assessed by transverse microradiography.
Preparation of samples
One hundred and eight bovine teeth were selected and cut at the buccal surface with a water-cooled trephine drill. After obtaining standardized discs of approximately 4 mm in thickness and 6 mm in diameter, they were sectioned with a water-cooled diamond saw at the dentine-enamel junction in order to obtain separate discs of dentine and enamel.
All surfaces of the dentine discs were covered with nail varnish, except for a 2 mm² window on the top surface. The discs were autoclaved and the exposed area was subjected to constant cariogenic challenge through immersion in BHI broth with 1% sucrose, inoculated with mutans streptococci (UA 159) at 37ºC and in anaerobic condition for 7 days. The broth was replaced daily. After lesion development, 1/3 of these baseline lesions were protected with nail varnish in order to enable paired evaluations from the mineral dentine profiles before and after the subsequent cariogenic challenge and treatments in the biofilm model.
The dentine discs were divided into four groups according to the enamel condition: sound enamel, enamel with 500, 100, and 0 µm simulated gaps. Enamel discs with no gap are referred here as sound enamel, whereas 0 µm gap was used to refer to juxtaposed enamel halves with no visible gap. Enamel discs or half-discs were then adapted over the dentine with wax, simulating enamel gaps with communication with the underlying dentine. The samples were sterilized by gamma radiation.
Inoculation procedure and microcosm growth
After approval by the Local Ethics Research Committee (Protocol #228/2011), 20 ml of stimulated saliva by paraffin film were collected from a healthy volunteer (female, 22 years old), who had not received antibiotic therapy for a year and had abstained from oral hygiene for 24 h as well as from food ingestion for 2 h prior to collection.
The saliva was inoculated on the specimens (400 µl for each) in plates of 24 micro-wells. After 1 h rest at 37ºC, the saliva was gently aspirated from the bottom of the wells, 1.8 ml of medium (DMM) with 1% sucrose were added to each well and the plates were incubated at 37ºC, under anaerobic atmosphere. After 6h, the specimens were rinsed through immersion in 2 ml of sterile saline, inserted into a new plate containing pure DMM and incubated for 18 h, under the same conditions. Biofilms were formed individually on the specimens in each well, for up to 10 days, on which the same routine of alternate exposure to DMM supplemented with sucrose or pure was followed, as described previously [8, 10] .
Treatment
The treatments were carried out through immersion for 1 min before the challenges with sucrose. For the groups treated with 0.12% chlorhexidine and saline (control), treatments were applied once a day, whereas for the group treated with 1.23% acidulated phosphate fluoride, it was once a week (total of two treatments).
Biofilm microbial composition
After the trial period (10 days), fifty-four specimens (500 µm and sound enamel) were transferred to tubes containing 1 ml of 0.9% NaCl. The biofilms were dispersed and homogenised by sonication at 20 w for 30 s, serially diluted in concentrations up to 10 -7 , and plated in duplicate on Blood Agar and Mitis Salivarius Agar with Bacitracin. The plates were incubated anaerobically at 37ºC for 96 h for analysis of microbial growth. To determine the biofilm dry weight, aliquots of 200 µL of the initial biofilm suspension were transferred to pre-weighted tubes, and dehydrated with ethanol solutions (99% and 75%). Then, the tubes were centrifuged, the supernatants were discarded, and the pellet was dried under a desiccator (P 2 O 5 ) for 48 h and weighted. The biofilm dry weight was determined by calculating the weight in the tube (final weigh -initial weight) and the original suspension (dry weight in 1 mL=dry weight in 200 µL×5). The colony-forming units (CFU) were counted and the results expressed in CFU/mg biofilm (dry weight).
Analysis of lesion depth and mineral loss
After the trial period the samples were cleaned with water and a soft bristle toothbrush and separated into enamel Fig 1. A) Schematic representation of study design. B) Preparation of dentine and enamel discs. 1. Bovine incisors teeth cut at the labial surface. 2. Standardized discs of approximately 4 mm in thickness and 6 mm in diameter. 3. Discs were sectioned with a water-cooled diamond at the dentine-enamel junction. 4. Sound enamel disc. 5 and 6. Enamel disc sectioned into halves. 7. Dentine disc. 8. Dentine discs covered with nail varnish, except for a 2 mm² area. 9. After baseline lesion formation (mutans streptococci and cariogenic challenge), 1/3 of the lesion was covered with nail varnish-protected area. C) Schematic structure of the specimens. 1. Sample with sound enamel. 2. Sample with gap. 3. Dentine specimens sectioned across the reference landmarks of the lesion and 4. slices of 300 µm were prepared for TMR analysis.
Rev Odonto
and dentine discs. The dentine specimens were precisely sectioned across the reference landmarks of the lesion with a water-cooled diamond disc, hand-polished with carbidepaper until reaching a uniform thickness of 300 µm. The slices were coupled on a plastic matrix and radiographs were taken on high-resolution plates (Fuji B&W POS/71337) with an x-ray source operating at 60 kV and 30 mA for 8 s. The radiographs were scanned as images through a camera (Canon EOS 50D, DS 126211, Canon Inc., Japan) attached to a stereomicroscope (Stereomicroscope M50, Model/PN-MDG33/10450123, Leica, Singapore). The mineral profiles were plotted in two regions of interest (protected and not protected area). The image-analysis referring to lesion depth [(LD) μm] and mineral loss [ΔZ (vol% μm)] were done using the TeeChart 8 software.
Statistical analysis
Data analysis was performed with SigmaStat v. 3.5 statistical software (Systat Inc., USA). Microbiological data were analysed by ANOVA and Holm-Sidak, and mineral profile data were analysed by subtracting mineral loss and lesion depth outcomes for protected areas from those of non-protected areas for each samples, yielding the de-or remineralization during the experimental period. Single group T-tests were performed to evaluate significant changes. ANOVA and Holm-Sidak analyses were used to evaluate effects of treatments and gap status. The significance level was set at 5%.
Results
The results for the microradiographic analysis are shown in Tables 1 and 2 . The changes in both mineral loss and lesion depth during the treatment period were not significant for any of the groups. No statistically significant differences were found in the comparison among treatments or gap sizes (enamel condition) for mineral loss or lesion depth.
Microbiological data demonstrated that chlorhexidine decreased the counts of total microrganism (TM) when compared with other treatments, irrespective of the presence or absence of gaps (p<0.05). The data also showed that the presence of large gaps caused higher TM counts only for the control group (p=0.024). Also, CHX generated higher counts of MS in relation to other treatments (p=0.026) (Figure 2  and 3 ). Non-restorative treatments on artificial caries | Maske et al.
Discussion
Our study has shown a promising model to test hypotheses related to the etiopathogenesis and treatment of hidden caries lesions. Some tendencies were observed, as in specimens where narrower fissures were simulated (100 µm or 0 µm). After treatment with fluoride, narrower fissures showed higher mineral loss and lesion depth in the final lesions (unprotected) than in the protected ones. The stagnation of plaque inside the fissure may be related to this phenomenon, since it would make the diffusion of substances to the dentine region underneath the enamel more difficult. Besides, as described by Zaura et al. [16] , the presence of fluoride could make the superficial enamel become fluoride-enriched and less soluble in the acid environment, which could cause superficial buffering of the acid produced and, at the same time, provide a diffusion of acids towards the groove, generating a high cariogenic challenge at the groove bottom and the consequent demineralization of the dentine. Also, the ions that are released during demineralization of dentine model should be conducted in order to test this correlation, with an extension of the length of the cariogenic challenge and in order to verify the effects of CHX and other treatment options on the control of hidden caries.
could contribute to buffering the acids at the enamel level. This was also demonstrated by the decrease of pH found inside narrow grooves by Zaura et al. [17] . Data found in that study and the ideas cited above complement the rationale developed by Ricketts et al. [5] about the phenomena that would lead to the formation of hidden caries.
In contrast, the presence of wide fissures (500 µm) associated to the use of APF weekly would allow the direct diffusion of the treatment to the lesions located in the dentine underneath the enamel, reducing mineral loss and promoting remineralization, a tendency observed in this study. It is believed that the presence of a wider area at the entrance of the fissure would allow greater fluoride diffusion into it, because previous studies have shown that the effectiveness of fluoride from toothpaste in places which present plaque retention depends on the accessibility of each location, with fluoride being less effective in narrower fissures than in wide ones [18, 19] .
The data on mineral loss regarding the treatment with saline solution also corroborate the tendency of this model, since in the presence of fissures (500 µm or 100 µm) there was a higher mineral loss in the region exposed to (not protected from) the new cariogenic challenge promoted by the biofilm. However, one limitation of this study is that longer periods of exposure to the cariogenic challenge would be necessary to elucidate the effects of treatments with APF or CHX, especially considering the difficulty of diffusion of the treatments and substrates through the fissures simulated in this model of study.
After the treatment, the count of MS was higher for CHX when compared to other groups. The most accepted explanation for its lower effect on MS and their consequent reappearance is the recolonization of the microorganisms, probably because the reservoirs and retention sites in the dentition are not sufficiently reached due to the low bioavailability of CHX [12] . Clinical studies show that after a treatment with CHX there is an initial decrease in the presence of MS, but after some time the ecological conditions of the environment favor the recolonization of the dental surfaces by these microrganisms, which may have occurred in this study [20] .
In vitro experiments have shown that Streptococcus mutans, microorganism predominantly involved in the development of carious lesions, are responsible only for demineralization of the dentin surface and is unable to degrade dentin matrix [21, 22] . This fact coupled with the action of CHX in acting as potent inhibitor of MMPs [13] , to corroborate the data presented in this study that in wide gaps, CHX limited the degradation of collagen and was responsible for the lower values in lesion depth and mineral loss.
Although this study did not show statistically significant differences among the tested groups considering mineral loss and the depth of caries lesions, it can be inferred that the use of fluoride and chlorexidine generated a positive tendency towards the remineralization of hidden caries lesions, in the presence of wide fissures, whereas which narrow fissures it was not found. However, further studies using this kind of
